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摘要 
硅酸铁锂作为一种新型的聚阴离子型正极材料，具有原料丰富、结构稳定、理论
容量高等优点，有望成为理想的动力电池正极材料。硅酸铁锂完全脱出两个锂离子对
应的理论容量高达333mAh/g，但由于第二个锂离子的脱嵌电压过高和体积变化过大，
硅酸铁锂只能脱出一个锂离子。硫改性能有效地降低硅酸铁锂的脱嵌电压和结构破坏，
从而实现第二个锂离子的脱嵌，因此，有必要探索硫取代硅酸铁锂的合成方法，从而
制备出高性能的硫取代硅酸铁锂正极材料。本论文采用溶胶-凝胶和固相烧结法，以
硫脲作为硫源，合成了一系列不同掺杂量的硫改性硅酸铁锂正极材料，系统地研究了
硫掺杂量对硅酸铁锂的晶体结构、表面形貌和电化学性能的影响，比较了硫源、铁源
和碳源的影响，并进一步分析了硫在硅酸铁锂中的可能存在形式。 
结果表明，无论采用有机还是无机硫源，在硫掺杂量为6%时，以十二硫醇和硫
脲为硫源合成的材料主相均为Pmn21晶型，并存在硫化亚铁杂质，十二硫醇为硫源得
到的产物中还含有偏硅酸锂杂质。以硫脲为硫源，草酸亚铁为铁源时，合成硫掺杂量
为6%的材料的首次放电容量为180mAh/g，以硝酸铁为铁源合成硫掺杂量为4%和6%
的硫改性硅酸铁锂的首次放电容量分别只有50mAh/g和125mAh/g。在研究的硫掺杂量
为0.5%～8%范围时，以草酸亚铁作铁源合成的材料的碳含量除8%外均大于硝酸铁作
铁源合成材料的碳含量，但以硝酸铁为铁源合成的材料在硫掺杂量为8%时的碳含量
高达19%。以草酸亚铁作铁源制备的硫掺杂量为0.5%, 4%, 6%和8%的材料，循环20
圈后放电容量分别衰减了5.6%、16.4%、52%和22%。以三种碳源，即蔗糖、草酸和
Super-P作碳源合成的掺杂量为4%的材料首次放电容量分别为94、94和50mAh/g，循
环8圈后分别衰减了73%、32%和11%，以蔗糖作碳源制备的材料的电化学性能最佳。 
硫掺杂量显著影响硫在硅酸铁锂正极材料中的存在形式。通过分析X射线光电子
能谱的分峰拟合结果发现，当以草酸亚铁为铁源，硫脲为硫源，蔗糖为碳源时制备硫
掺杂量为0.5%的材料中，硫表现为负二价，导致晶胞参数增大；当硫掺杂量超过0.5%
时，硫主要呈正六价，铁含量随硫掺杂量的提高而有所减小，碳含量也有所提高。 
 
关键词：正极材料；硅酸铁锂；硫改性 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
厦门大学硕士学位论文 
II 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
厦
门
大
学
博
硕
士
论
文
摘
要
库
Abstract 
III 
Abstract 
As a new-type polyanion-type cathode material, lithium iron silicate (Li2FeSiO4) has 
become an ideal cathode material for lithium ion batteries with advantages of abundant raw 
materials, stable structure and high theoretical capacity. The corresponding theoretical 
capacity of Li2FeSiO4 on delithiating two lithium ions is as high as 333 mAh/g. However, 
the delithiated voltage of the second lithium ion is out of the electrochemical windowof 
commercial electrolyte, and the resulting volume change becomes detrimental, so the 
actual capacity can only reach about half the theoretical value. Sulfur modification in 
Li2FeSiO4 can effectively lower the delithiated voltage and structural failure, through 
which the delithiation of the second lithium ion can be possible achieved. It is, therefore, 
necessary to explore the feasible synthesis methods in order to prepare high performance 
sulfur modified Li2FeSiO4 as a cathode material.In this work, a series of different sulfur 
modified Li2FeSiO4 cathode materials were prepared by using thiourea as a sulfur source 
material and the sol-gel method combined with solid state reaction. The effects of sulfur 
doping amounts on the crystal structure, surface morphologies and electrochemical 
performances of Li2FeSiO4 were studied. The influences of sulfur, iron and carbon sources 
materials were also comparied. Possible existing forms of sulfur in Li2FeSiO4 compounds 
were further investigated. 
The experimental results showed that no matter what the sulfur source material was 
organic or inorganic, the main crystal phase of Pmn21 polymorphism with ferrous sulfide 
impurity was identified from the 6% sulfur modified Li2FeSiO4. In addition, the lithium 
silicate was detected with the 6% sulfur modified Li2FeSiO4 prepared with 
1-Dodecanethiol as a sulfur source.The initial discharge capacity of 180mAh/g was 
achieved with the 6% sulfur modified Li2FeSiO4 material prepared with thiourea as a 
sulfur source and ferrous oxalate as an iron source materials, while the initial discharge 
capacities of 50mAh/g and 125 mAh/g were obtained with 4% and 8% sulfur modified 
Li2FeSiO4, synthesized with ferric nitrate as an iron source, respectively. In the range of 
0.5% and 8% sulfur modifications stuided, the amounts of carbon coating preparaed with 
ferrous oxalate were larger than that with ferric nitrate except for 8%. However, the 
amount of carbon coated reached as high as 19% with the 8% sulfur modification.The 
discharge capacities of 0.5%, 4%, 6% and 8% sulfur modified Li2FeSiO4 prepared with 
ferrous oxalate decreased 5.6%, 16.4%, 52% and 5.6%, respectively, after 20 cycles. The 
initial discharge capacities of the 4% sulfur modified Li2FeSiO4 prepared with three kinds 
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of carbon sources, i.e., sucrose, oxalic acid and Super-P, were 94, 94, and 50 mAh/g, 
respectively. The capacities decreased 73%, 73% and 32%, respectively after 8 cycles. The 
samples prepared with sucrose had the best electrochemical performance. 
The amounts of sulfur modification notably influenced the existing forms of sulfur in 
Li2FeSiO4 cathode materials. Based on the experimental results of X-ray photoelectron 
spectroscopic data by performing curve fitting analyses, the negative divalent sulfur was 
found with 0.5% sulfur modified Li2FeSiO4 when ferrous oxalate, thiourea and sucrose 
were used as the sources of iron, sulfur and carbon, respectively, which led to increases in 
lattice parameters. The positive hexavalent sulfur was mainly presented in the sulfur 
modified Li2FeSiO4 with the amounts exceeding 0.5%. The iron contents reduced, while 
the carbon contents increased with the increases in the amounts of sulfur modification. 
 
Key words: Cathode materials; Lithium iron silicates; Sulfur modification 
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